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1.0 iNTRODUCTION

V"his report describes the performance testing and evalual'ion of five different commercially

available fuel vapor detectors. All five instruments were subjected to temperature, humidity,
shockP, and vibration tests which Simulated extreme Working environments when installed in M

a small recreational boat. At the conclusion of each test a. performance check was run'to

assess the effects of the test on the detector. Each detector was also inspected for any physical

damage which would have an adverse effect upon its-performance.

The performance check on each detector required exposure of the detector to known fuel

vapor concentrations and noting the response of the detector. A test chamber was designed

and built to provide measurable vapor-concentrationswith an-operationally-defined Lower

Explosive Limit (LEL). The test chamber and associated equipment are described and their 4
use discussed in more detail in Section 2.0. !

Prior to subjecting the detectors to the test environmer:ts a performance test was given each

instr,!ment so that the performance changes throughout hfe program could-be determined. In

addition, vapor saturation tests were-run to gain an idea of the recovery characteristics of

the detectors. These tests and results are describedin Section 3.0.

The, response of the deteptors after undergoing temperatures of -30PF and O°F are given in

Section, 4. 1 and the responses-after being subjected to 1500F are described in Section 4.2.

The humidity-testing at 1009F and 95% relotive humidity is described in Section 5.0, the

shock testing in Section 6.0 and the vibration testing in Section 7.0.

In general, the vapor detectors on the market must be construed to be less than adequate in

extreme recreational boat environments. Of the five units tested only one could be deemed

cicceptable. The environment causing most danage was the vibration environment. However,

no claim can be made -that the environment is representative for any other than relatively

small boats (up to about 18 feet) since no data i available, It con be stated that the

environment used is quite severe at levels above the lowest used in vibration.
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2o,0. VAPOR DETECTORS AND VAPOR TEST CHAMBER

2.1 Vapor Detectors

From'an initial market survey 1 , a total of five different vapor detectors were chosen as being

representative examples of the commercially available models with respect to type of sensor

and type of alarm. The specific detectors used are shown in Figures 1 through 5 with their

relevant-characteristics listed in Table I.

Each vapor detector was'given a test specimen number for ease in referencing and to eliminate

manufacturer name in analyzi~g, the test results.. Each-detector wii' be referred to only by

its assigned specimen number'.

2.2 Test Chamber and Calibration

A 2' x 2' x 2' vapor- test, chamber shown in the photograph -in F4_"'e 6 was constructed to

prov:de the necessary vapor concentrations for the operational tests. The front panel was

made from 1/4" thick plexiglass'and contained a door for easy access into the chamber.

The other three sides,were constructed of 5 mil thick polyvinyl ethelene and,supported by a

steel rod'frame. The floor of the-chamber was plywood while the top was a loosely fitted lid

madeof" styrofoam and covered inside and outside with duck tape. The lid acted as a safety

valve whenever an explosion took place as described below.

The fuel, vapor was introduced into the chambe: by the simple expedient of heating a measured

amount of gasoline in a small steeV dish ornd allowing it to vaporize. Heat was supplied by a

hot plate. A small , zn circulated the vapor throughout the chamber. The gasoline used was

from a s,'ngle drum. Asample was analyzed by Phoenix Chemical Laboratory, Inc., and was

determined to have a vapor density of 2.44 grams/liter at 1009'T and an average molecular

weight of 103.

The vapor concentrator. ;n the test chamber was measured by a Beckman Model 400 Hydro-

carbon Anad':;, r. The analyzer used 39.5, 39.6 and 39,7% ,hydrogen as fuel (the balance

was heiium). A bottled air supply was used containing less than 0.2 molar ppm impurities.

All concentrations were determined by Air Products and Chemicals, Inc. All tubing used in

2



I- E
.- &'u o

-0 G

CL 0 d)

2 tns E.i n..
00&nD > 0 (D -

-4 0). r_. -&--00t
oc 4-  40o E E = J~ .

-. 00~f
*)- >0 0 4-

0n M-

10 C,, 44- 0 a E.c
- 00~ 0U 2>

U, to 0 0 ~ 0
z 'E 4) 4U,0) 4- -

V)W 4-L - 0 - EN C
- -- c

0 T ov r=~ O
C0 inn 0 *>.t0x 4

0),

,-..4 - -
-0 > - >0t .CDr 0 *

0h C ~ L:0r~0 ~
Z o>.2 c xo 9 NC) ~ 0 CD >0 .CD0~..

L0 C n 00 5 ,

C L-a-4 c 4 - 0  C

o 0in 0) 0>> 50 0 -0 40

z) 0
0/ E - 0 V

'o m 00,
0 -0

U

L-J 
0

0~

'1)

100
L4-

co0
< ''I

u.

0



Figure 1 . Fuel Vapor Detector Sample No.1
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Figure 2. Fuel Vapor Detector Sample No. 2
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Figure 3. Fuel Vapor Detector Sample No. 3
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Figure 4. Fuel Vapor Detector Sample No. 4
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Figure 5. Fuel Vapor Detector Sample No. 5
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connection with the Beckman Analyzer was copper- refrigeration tubing, The response time-

of- the. analyzer wos-found to be approximately 20.seconds which was the time necessaryfor

the sampled-gas to be pulled into the flame unit.

. A spark circuit was provided to operationally-define theA-EL inside the chamber. The

Beckman Analyzer could then be calibrated by setting-qny point on thelinear scale to
correspond-to the LEL. The spark gap,was placed in close proxir'y to thesariole tube end

inside the chambe so that the vapor levels at the spark gap and the-sample tube would'

correspond closely. Figure 7 shows a schumaticoF the test chamber and supporting equipment.

3.0 INITIAL OPERATION AND SATURATION TESTS

3.1 Initial Operation Tests

Before subjugation- to any-testing, the- operating characteristics-of each-detector was: determined

by installing the sensor head intothe test chamber,, vaporizing 30 ml of-gasoline, and noting

the detector response to vapor concentration, in % LEL as glven 'bythe Beckman Analyzer.

Readings were taken- bothas. the vapor concentration increased and then as-it decreased'aft'r

the vaporization of the gasoline was completed. Tables- i, III, IV, V, and VI give the

results for these operating tests.

3.2 Vapor Saturation of Detectors

The purpose of this test was to determine the operating response and recovery time for each

detector. Thirty (30),ml ofgasoline. were- put into a steel beaker arid' the beaker was then

p aced upon the hat plate to vaporize the gasoline. The sensor of each detector and -the

-samplkng tube of the Beckman Analyzer-were then lowered into the vapor 'or 30 seconds.

The-highest readingsof both the Beckman Analyzer and the detector were noted and also

4the time needed by the detector to reach its highest reading after immersion in the vapor.

After the 30 second immersion the detector sensor was removed from the vicinity of the vapor

and the time required for the detector to return to a "safe" reading was recorded. The

11 ,results of this test are given in Table VII.

10
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'TABLE II. RESPONSE OF VD-I TO VAPOR CONCENTRATION

% LEL Detector Reonse
Range

0 -- 25 Green '"safe" light on, Alarm si lent
II , .. ' - .. /,"
'i. 25-*100 Amber "dlanger" light~or, Alarm'onl

-0

c a., 25---100 Ame'ine"lih~nAamd

100,-;. 50 Amber "danger" light on, Alarm on

5, -50- -40 Dim green "safe" 'light, dimamber "danger" light, Alarm-on

8- 40- 30 Dim green "safe" light, dim amber "danger"Alight Alarm-sileint

30 -- 0 Green "safe" lighton, Alarm silent -

TABLE -IM. RESPONSE OF VD.2 TO VAPOR CONCENTRATION

% LEL Detector Response
Range

0
" 0---80 Alarm silent

a 80-+100 Alarm on.and growing louder as.concentrafion increases

0 0 100- 2 'Alarm on and growing fainter as concentration decreases

2-* 0 Alarm silent

12
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TABLE IV. RESPONSE OF VD -_3 TO ",APOR CONCENTRATION,

~%-LEL %tEL Detector Response
Range

0 -,--66 Meter indicates "safe," alarmssilent

60---O ,0 /eter indicates "safe," alarm on

-> -80"100- Meter indicates "dangerous," alarm on

d 100---*80 Meter indicates "dangerous," alarm 'on

. 80"65 Meter indicates "safe," alarn, on

. h5 0 Meter indicates "safe," alarm ff

TABLE V. RESPONSE OF VD-4 TO VAPOR CONCENTRATION -

% LEL Detector- Response
Range

0---20 Meter indicates "safe," alarm si lent

20--+6o Meter indicates "danger," alarm silent

' 60--85 Meter indicates "danger," alarm on and growing louder as
0 o vapor concentration increases

85-+100 Meter indicates "exploslve," alarm on and growing louder as
vapor concentration increases

C, 100"+20 Meter indicates "explosive," alarm on aiid growing fainter as
.2 vapor cOncentration decreases
a

S20 4' Meter indicates "danger,"' alarm on and growing fainter as
vapor concentration decreases0

4 - 0 Meter indicates "danger," alarm silent

13
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"k 1,TABLE VI. RESPON$E OF VD-5 TO VAPOR CONCENTRATION

( % LELDetector Resporise
Range

S0--a5 Meter indicates "safe"-

5 P5 ee idcae *o~r
a0

-> 65---,-00 Meter indicates "explosive," meter reods--full scale at. 90% and

is -hard.on stop at, 100%

100 1,80 Meter indicates "explosive,,"' meter reads fuill scale at, 90% and
2' -~is hard bn.-stop at 100%

o" 8 -10- Meter indicafei "danger"

10 - Meter indica6tes "iafe'

TABLE VII. INITIAL VAPOR SATURATION SENSING..AND RECOVERY TIMES

IRecovery Time, (mliutes)
Sensing

Specimen % E iec~) Meter Lipht,(s) Alarm

VD- 1 500, 3, T .5 5,.5

VD-Z 500 -- 3 -- 6.5

VD-3 500 * . - -3.0

VD4800 1 38.0 -6.5

\D5400- 13 6.01-

*Response not fast enough tol indicate an explosive condliion. Does not indicate
until -sensor is placed in-fresh-air.

14



-4.0 LOW AND HIGH TEMPERATURE TESTS

-4.1 Low Temperature Test and Results

This test was designed to test the performance of the vapor detectors after having been exposed

to low temperatures. The vapor detectors with sensors were placed in a Conrad Temperature

Chamber (see Figure'8) and-subjected to a chamber ambient temperature of -30°F tor 24 hours.

After this period of time the chamber temperature wasraised. to 0°F ai d kept at this higher

temperature for four hours.

After the-exposure to that low temperatures the detectors were removed from the temperature

chamber and give~-the operational-tes-described in Section 3.1 for-increasing vapor con-

centratios only. The results are given in Table VIII. Two sensors were used to test VD-3

'since the first sensor always gave a meter reading of safe for-all vapor levels. The new
SsenSi nriguhit, was left-F&r later tests. A -new-sensorwas aisotried-on VD-.4osince it gave-an

initial meterpredding,of danger' but the new sensor did not change the reading. The unit,

was therefore tested with the old sensor. VD-4 had- a zero adjustment but for purpo es of

testing-it was not adjusted.

4.2 High Temperature Test and Results

After the operational tests were con,luded for the lowstemperature 'tests the vapor detectors

with-attached sensors were replaced in the temperature chamberqnd subjected to a chamber

ambient temperature of -150°F for four hours. The vapor detectors were then removed from

the chamber, allowed to cool 'to ambient temperatures, and ope'ationally tested Ogain.

The results of this test are given in Table IX.

'5.0 HUMIDITY TEST

The humidity test was conducted by placing the vapor detectors with sensors attached into

a Wyle humidity chamber and subjecting the detectors to a chamber ambient temperature
0100 .F and 95% relative humidity for a period of ten days. At the end of this period the

detectors were first given vapor saturation tests and then removed from the chamber and

tested operationally for increasing vapor concentrations.

15
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TABLE VIII. DETECTOR RESPONSE AFTER 24 HOUR EXPOSURE TO
-30°F AND 4 HOURW EXPOSURE TO 00F TEMPERATURES

S-ein n % LEL T -1 -
%ecimsn Range Detector Response

VD-1 0- 5 Green "safe" light on, alarm silent
5 -- 10, Green "sak " !!ht on, alarm on

10 - 45 Amber "danger" light on-. alrmb-on
45- 60 Amber "danger" and red "explosive" lights on, alarm on
60 -100' 'Red "explosive" light on, alarm on,

VD-2 2  0- 65- Alarm silent
_65--100 Alarm on, growing louder .is vapor level-increases

VD-3, 0 - 90 Meter reads "safe," a larmsi lent

Sensor1 90 -100 Meter reads "safe," alarm on

VD'3, 0"- 40 Meter reads "safe," alarm silent
Sensor 2 40 "- 60 Meter reads "safe," alarm on

60 _100 Meter reads "danger, " increasing to mid-sca le danger at
'100% LEL, alarm-on

VD-4. '0 60 Meter reading increases from 1/4 scale, "danger" at0% LEL
to, mid-scale danger

60-100 Meter reads "danger," alarm on at low level and-changing.
to loud at 65% LEL

VD-5 0 - 10 Meter reads "safe"
10 - 60 Meter reads "danger," increasing to 3/4 "danger" at 45% -EL
60-100 Meter reads "explosive" and reading full scale at 80% LEL

and going..off scale at 90% LEL

All self-tests performed correctly

2 Terminal strip found loose from cage

17



, TABLE IX. DETECTOR RESPONSE AFTER FOUR HOUR EXPOSURE TO 1500F

6; LEL
Specimen Range Detector Response

5 -n 30 Green "safe" light and amber "danger" lightson, alarm on

30 -100 Amber "danger" light on, alarm on

VD-2 0- 75 Alarm silent
75 -100 Alarm on growing louder as vapor concentration increases

V r VD-3 2  0-- 65 Meter reads "safe," alarm silent
65 75 Meter reads "safe, ",alarm on
75 -'130 Meter reads. "danger" increasing to r;d-1scale danger at

95% LEL. At !00% LEL-meter beginsto oscillate, does.
not indicr.e "explosive" until 130% LEL.

VD-4 0.- 15 Meter reads '!safe," alarm sient
15 130 Meter reads 'danger" increasing to mid-scale-at 130% EL.

Alarm does not sound until' 130%.LEL is reached.

VD-5 0'-  5 Meter reads "safe"
5 - '55 Meter reads "danger" withomid-scale .danger occurring-at

20% L*L.
55 "100 Meterreads "explosive" increasing to full scale, "explosive"

at 70% LELand goingOff scale at 80% LEL.

r All self-tests performed correctly

2 When unit was~set to test'while indicating danger, meter indicated'safe when reset to on.

18



'I TABLE X. DETECTOR RESPONSES AFTER 10 DAY EXPOSURE TO 100°F
*. AND 95% RELATIVE HUMIDITY

", Specimen n LEL Detector ResponseRange

VD-1 0" 10 Green "safe" light on, alarm silent
16-"100- Amber "danger" light on, alarm on

VD-2 0- 90 Alarm silent
Sensor 1 .90 -100 Alarmon, ,ow at 90% L increaslng to loud at 100% LEL.

VD-;2 0- 10 Alarm silent
Sensor 2 10-"100 Alarm on, low ut 10% LEL increasing-to loud at 100% LEL.

VD-3 0 5 Meter reads "safe," alarm silent
5- -60 Mete,- reads "safe,"' alarm-on

60 -100 Meter' r6ads "danger" increasing to mid-scale "danger" at
80% LEL c- d-to 3/4 scale I' danger" at 100% LEL. Alarm on

VD-4 -0- 90 Meter reads "danger," alarm silent
Sensor 1- 90- 100 Meter reads "danger," alarm on

VD-4, 0- 10 Meter reads "danger," alarm silent
- Sensor 2, 10- . 65 Meter reads "danger," alarm on

65-100 'Meter reads "explosive," alarm on

VD-5 0l-p 10 Meter reads "safe"
10-'- 80 Meter reads "danger" with-mid-scale "danger" occurring

at 40% LEL.
80-100 -Meter reads "explosive,"

All sief-tests performed correctly

19



The vapor saturation test consisted of hOlding a gas soaked cloth next to the sensor and

observing whether o not'the detector registered an explosive atmosphere. Detectors VD- 1,

VD-3, VD-4, andVVD-5 indicated an explosive atmosphere but VD-2 had a. very slow*:re' ;onse

anda lowalarmlevel. The results of hese operational tests are-summarized in Table X.

Asseen-from Table X, both VD-2 and VD-4were tested wI'- sensing units since the

operational tests with the originIal sensorsshowed'rather poor Iehavior. The new sensors

were left instal led for succeeding tests.

Each-detector was inspected for physica1damage. A slight amount of corrosion was obseryed

on the light bulb holders in VD-1 but no other damage was found. This corrosion would not

seem great enough to impair the operation of the detector.

6.0 SHOCK TEST

.The Criteria for shock testing was takeh from the Fuel Systems Standards Analytis Development

Report 2 prepared for the United States Coast Guard by Wyle Laboratories. Based upon the

discussion contained in Appendix F, Section 2.8 of this report, a shock cycle of 10 g

amplitude and 15 milliseconds durationwas ch, .en. The oscilloscope trac. of this shock

cycle is shown in Figure 9-andthe instrumentation equipment, data, ant log sheets for both

the shock and vibration tests are found in the Appendix.

The vapor detectors together with their sensor elements were mounted on the~shaker head

(the exciting fixture) in their normal installation configuration and then were subjected to

a total of 1,,000 consecutive shock cycles (see Figure 10). The fuel detectors were left

running during the test and were given a vapor saturation test at the end of every 250 cycles.

The saturation test for the detectors for both the shock and vibration (see Section 7.0) testing

consisted of holding a gasoline soaked cloth nex; to the sensor element and noting the

response of the detector. The instrument was judged "acceptable" if it indicated an explosive

_.,vironment. Table XI summarizes the results of the vapor saturation tests.

20
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Figu-re 9. Oscilloscope Trace of Shock Cycle
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1 ~Fgure 10. Test Set-up for Both Shock and Vibration Testing-!
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' TABLE XI. DETECTOR SATURATION TEST RESPONSES AFTER SHOCK TESTING

Number of Specimen Detector Response and ConditionShock Cycles

250 VD-1 Saturation test - o.k.
VD-2 Saturation t s; -o.k.
VD-3 Saturation test - o~k.
VD-4 Showed "danger" initially - saturation test-o.k.VD-5 Saturation test - o_k.

500 VD-1 Saturation test - o.k.
VD-2 Saturation test - o.k.

VD-3 Would not indicate vapor with meter or olarm
VD-4 Alarm sounded intermittently, would not stop
VD-5 Saturation test - o.k.

750 VD-1 'Saturation test - o.k.
VD-2 Saturation test - o.k.
VD-3 '  Would not indicate vapor with meter or alarm
VD-4 Indicates danger
VD-5 Saturation test - o.k.

1000 VD-1 Saturation test - o.k.
VD-2 Would not indicate
VD-3 Whengas-soaked cloth-held close to sensor meter wentK11 to toid-scale "danger," the alarm sounded. Alarm-went

silent and meter returned to safe before cloth was removed.

,Loose connection was found and repaired.
VD-4 Saturation test - o.k.V D-5 Saturation test - oik.
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7.0 VIBRATIOjN TESTf

A problem-aros6 in, connectionwi Kzthe-vibirotion -testing -since there -appeared to~be no

accepted criteria -for ,determining a realistic vibraieon spectrum 'or level. To overcome:

AV f~his obstacle four timne histories of a celeromieter. dta-weretaken -under actual runnhing

L ~ conditions-as described below.

'Two outboard bocits, ci Wininer 18 ffrwith.a -1-30 HP-engine onid'a Glastron GT 15-ft with

ea 85HP engine, were, drivenfull Vspeed in-rough- Water -each withcn acceleromheter -mounted

in, the, stern, and. an acce lerometer, mountedlinh te, bow., An analogtp ecre a used'

towrecord-t ti me- histories, proividedby-,the four-accelerometers. ,Only-veritca I acce lerati on-

was ,recorded. Thewater was, rodogenough. that,.itwas concluddthct nonormal.boat,
owner, woulId have- driven 'his'boat-at ful Upe -duetoextremte dicmot

.From~each of theselout tirme- histories-4 aPower 'Spectrd[ Denisity (PSD,) waso6btainee\-~wh i -h
~: ~wsusdt-eec S' ortsigthe -va por detectors. The4our~ PS'are shown-in Figure

wa1s~~ ~lei PSD shp~esting,. Ad eel t 0H
anId dthe -selected test S~hp in Fi'gure -12. 'This PSD spectrum was used,,for-four

different-vibration tests each testhaving,&dfee a; e .e.at 10 Hz. The lees- t1'H

choen-or e~tng-wee~001g/H ,.3,g3/Hz, 0.1 g2/Hz, 0.,Vg3 /Hz, and O.',g/z

where.-g is~i the rvitational-ace'leration, 322ft/sec2 . Theicreasing,,levelIswere-selected,

to deter-r~jine'the 6eel a6t which -failure -wou'ld' occur.

The fi1ve-vaipor detectors together witlh hir sensor heads were -moupted, on -the shaker, head

in their operationadl configuration and in their fully-operating.Mo~ie ., Each -of the-fist 4
three vibration tests -Were run for one hour whi-le-the -highest level Ifest-was rununtilf*ai lure

occurred. Figures '1 3 through 16 qi ve the,-actualI- PS D's recorded at the shaker -head at, the

startof each test. The acceleration rms valIues for each.-test-are -given inTable 'XlI..

After each -vibration test -the- detectors~were subjected to the same vapor saturation test as.

they were *'following -the shock testing. The resuilts are summarized in Table XI1. As -caro

be seen, h~one of the detectors survived-the total- planned- vibration test ing. As soon a a

{ -detector was found to have failed, it w s removed from any further vibrational testing.A
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TABLE XII. DETECTOR, RESPONSES -AFTER VIBRAUN TESTING

-test. oose Iiht-bulb,4
1.7l-g.rms VD; Saturation'teif ,o.k

VD4,Meter -mountng, has-,Vibrated 1oose*
4 VD-4 Strtion test - oke

VD -5 Sauration test - ok.

0.03g2/z 1hr VD-Sl-etddntfntoBright b6lue "hold"'
1ight ,on during' satUration-,est. -Noindication
ofddnfggror ex-plosive -condition.

C3.7 g§ rms -VD--2 -Saturation htest -ok

VD !3, No alarm or met~r-indicat i6m of'.vapor- dLring,
saturatio ltest. A ldrm--didnot-function durin"
seif-tet.,

VD -4 Alarm on but meter does-not indic'ate explosive
condition ,dUriigsaturation. test.

K ________ ______ D-5 'Saturation, test,-o~k.

-0,.1 g2/Hi 25 min. VD-2 Wotild'pot -slf-rtest.
'5.9,,grms 1I hr, VD-5, Saturation ,teit -4o.k. Voltage ,regulator

found loose in- basedrfe-ig hfeneid'at, 25"mi n.
-into test.

0.3g2Hz 4-m. VD- 5 Voltag- regulator tube had-broken
11.5-rms

*Tightented'sdrews
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Atthe-concluion of the vibration tests;the detectos-were inspected for physcal damage.
In VD-I :the ScreW retaining the backlpart-of.theaarmassembly wasfouidt 0be lose and,

the alarmhbroken, Figure 17 showsihis damage andthe corrosiomnwhichappeaired'on-4t e

blb holders dUr"ing the-humidity tests. Figure 18 sowsa broken lead on the terminal
strip in VD-2. Figure 19 is a-view of the-meter fo VD-3showing the finl permanent t/2

'IS~ o YD: - foi roknla nin d a hs tle feadingahd figure 20 shows te -broken alarm. Figure 21 is aview of the-odnting
:', lbase'fcr the-v01tage, reguao Jueo -D. hwgi'roefea di' difingithdt.the.

voltqge; egUlatoi tube: d broken~comletely off at the base. 'No, visibledamageL was

foundI& M. 1-4

: ;0 DISCUSSIONQOE RESULTS

Of the-five detectors tesed'VDm-5performed much :better, thanany oftheother four, it

lways l"conditi.when-such existed. The highest %-LEL nessaoq y

,to -makeit indicate anexplosiv6econdition was 80% LEL after it had been subject tothe.

ten ddy'humidity test . If anything, it mikght-be judged'a 'little too-sehsitive. It-wasalso

th6instrument that withstood;the highest level vibrational testing before suffering physical

damagei It. also appeared to be', the most solidly construuted unit-with the weakest component'

being the-voltage regu lator tube assembly.

'Unit VD--3exhibitedthe worstperformance of .the.five;unhits. Even in-the-initial operational

test (Table IV) the unit didnotgive-a meter readng of, explosive"-at 100%.LEL altho gh-

the alarm did sound& Again, it was among, the first .the-unitsto suffer physica damage
Sduring the sh6ck and vibrationtesting,. It was noted theft the alarm always-sounded 1:,i

'the2.meter,st ll' read "safe." This mightbeconfusing to a boat operator.

VP-i displayed'somewhat erratic behavior withrespect to'theoperational tests. "It did not.,

indicate an-explosive condition' in its initial operational test (Table II) nor after the 1high

temperature and humidity t',sts. It did inditate an explosive environment after the low

temperature test and was acceptable in all of the saturation tests after shock testing andthe

'lowest level of vibration testing.
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Figure 17/. Damag~e f-- Test Specimen VD-1



Figure 18. Damcge tro Tost Specimnen VD-2
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V ue19. Permanent 1,'2-Scale Meter Deflect*,on -Test Specimen VD-3



-0uc32. Internal Dornc!e to Test Specimen VD-3
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Figure 21. Damage to rest Specimen VD-5
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